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ca^L 1 !!^ 0 ACT,VATED CARBON FOR DENITRATION, PROCESS FOR PREPARING THE 

usSJg ™^e° F denitration usinq the same - system o° deSion 



(57) This invention relates to a technique for remov- 
ing nitrogen oxides (NO x ) present in exhaust gases dis- 
charged from boilers and the like. When the 
temperature of the exhaust gas is 100°C or below, a 
heat-treated active carbon produced by heat-treating a 
raw active carbon at 300 to 1.200°C in a non-oxidizing 
atmosphere so as to remove oxygen-containing func- 
tional groups present at the surfaces thereof and 
thereby reduce the atomic surface oxygen/surface car- 
bon ratio to 0.05 or less is preferably used. When the 
temperature of the exhaust gas exceeds 100°C, a heat- 
treated active carbon produced by heat-treating a raw 
active carbon at 600 to 1,200°C in a non-oxidizing 
atmosphere and activating the surfaces thereof with sul- 
furic acid or nitric acid to impart oxidizing oxygen-con- 
taining functional groups thereto is preferably used. 
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Description 



Technical Field 



This invention relates to the removal of nitrogen oxides present in combustion exhaust oases dischampri from ho . 
ers. engines turbines and the like, and more particularly » 0 an exhaust gas ^SS^^^t 
nitrogen ox,des can be efficiently reduced and thereby decomposed to nrtrogen and water 

' hJHH"*?' ^ ^ ,0 removal of <*«espresent in ventilation gases produced in road 

ion tin Undergr0U " d r"" 19 SPaC6S - Stre6t Cr0SSin 9 s and the like - ™<* particularly ,o a liS^e^iSS 
ton technique ,n which nrtrogen oxides having a lower concentration (typically about 1 5 ppm or less! and a 1 

efficiently reduced and thereby decomposed to nitrogen and water 

' of nitrootn mT*™ T** *° dMOn US ^ 3 heat ^ated active carbon for the removal 

of nrtrogen oxides (NO J present in exhaust gases discharged from boilers, gas turbines engines and combustion fur 
races or burning various types of fuel. The present invention can be suitably used l^^^^^t 
present ,n tunnels and for the removal of nitrogen oxides present in exhaust gases ^J^Z^lT^t 

Background Art 

For the denization of exhaust gases from stationary nitrogen oxide-producing sources such as boilers a method ' 

£S3^r s °' ade8 TVZ by USing Van3dium ° xide as 3 catal ^ and' ammonia as a red^^eT?? 
the SCR method) has convent,onally been known and is widely employed for practical purposes ( Techniaues and Reo" 
ulations or the Prevention of Environmental Pollution", Volume on the Atmosphere, p 1M JtauaS Co ^ Ltd ) How 
ever, m this method using the vanadium oxide catalyst, the temperature of exhaust gas neL to be ra.^' tc^OO'C or 
above ,n order to ach.eve a practically sufficient degree of denitration. Consequently it is necessary Sa I a denrtm 
or contain.ng a catalyst bed in the high -temperature section of the boi.er (el Jtb^^^^^^ 

zxzz^^^ reheat co,d exhaust 935 and '~ se « s 

workability for replacement of the catalyst bed is reduced. When cold exhaus, gas is reheated anTdZna, heater is 
required, resulting in an increase in equipment cost. aoamonai neater is 

Accordingly, a first object of the present invention is to provide a technique by which the denitration of -xhaust 
gases from stat.onary nrtrogen oxide-producng sources such as boilers can be perform* a, low 'eCXeV^S 
from ordinary temperature (about 5 to 20°C) to about 1 50°C. temperatures ranging 

On the other hand, exhaust gases from road tunnels and the like are characterized in that thev have a much Inwpr 
NO concentration of about 1 0 ppm or less as compared with the concentration of nitrogen «^^%£5Z 
boners and the hke, the, temperature is in the vicinity of ordinary temperature, and they are ZZSZst 

ScT rHT n , % " ° rdef t0 rem ° Ve dSnitrate 93565 fr0m road tunne,s ™« the like a c'olg ^ he coZtonai 
SCR method, the temperature of the gases must be raised to 300°C or above This requires a Loe alurt oHhTm, 
energy and is unprofitable from an economical point of view ^ 9 ° Uf1t °' thermal 

<HJ**??T eSe Patent ^ ublication No - 41 142 ^'95. Japanese Patent Provisional Publication No. 47227^95 and the like 
there has been proposed a process in which low-concentration NO at ordinary temperature is oxtiized to NO with 

S^^-Su^! ,s adsorbed to r adsorbent and the hi9hl > ™ - "CZ^osX 

JwB.„.en l .vuh „ .cdiK.-.g gas .uch as ammonia. However, in this process involving an adsorption si=c -ct -riv 'h~ 
peratae can be d.rectl, reacted catalyt,ca«y with ammonia and thereby decomposed ,o nitrogen 2 »Z 

As shown ,n FIG. 7. a denitrator 42 using a catalyst is installed at the outlet ol a boiler 41 or the like in ordet to 

zzXtoZT^ °;r n vr e e r M< 9as - m an air "•*•«• « * « « ««S 

*<l m order to lower the temperature of the exhaust gas to about 130°C. 
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The exhaust gas having passed through the aforesaid air preheater 43 is dedusted in a dust collector 44 

roriLS' 9a L hea H r 45 ^ th6n imr0dUCed int ° 3 deSUl,urizer 46 *** Sd e £ itS^fS? 
from. Thereafter, the exhaust gas is discharged into the atmosphere through a stack 47 

s hnH~ IT " bed ^ CUrrSnt PraCtiCa ' pr0C6SS ,0r the removal of nrtr ogen oxides present in exhaust aas from 
I"! 3 en ' trat0r 42 0n ,he S6leCtive ^«fcn (SCfl) method in liTSS?^ 

are decomposed to nrtrogen and water vapor by using a cata.yst comprising V 0 5 supported on S and a redudnl 
agent compnsmg NH 3 . However, this process involves the following problems 9 
F,rst a reaction temperature of 300 to 400'C is required because of the performance of the catalyst Secondlv nh 
« required for use as reducing agent. Third.y. since the current leak level of NO x is from 5 to 4o Tm t e^ess of NH 
>o needs to be ,n )e cted for the purpose of reducing the leak level of NO x to zero 3 

n ac0 cT^K reC jr e ™ ronmental s,andards demand that the concentration of nitrogen oxides (NO ) in exhaust 
gases shouW be reduced to a level of i pom or less which is commonly known as a high degree SlffiiL^S 
aforesaid conventional denitration treatment based on the selective catalytic reduction Sr^ Z£S ^ ! 

of !e™?C oSL 3 • " ,S d6S,red ,r ° m ^ Vi6WPOint ° f en ~ te ' pr ° WemS <° ^ •» ^ency S 
tion Vi6W H- ab0ve ^ escribed P roblem s, a third object of the present invention is to provide a denitra- 

aTcoCd^ 

20 

Disclosure of the Invention 

The present inventors have carried out investigations with a view to accomplishing the above-described K«t *nH 
1 ™ ? by heaHreatin 9 act've carbon fibers or a granular active carbon having a lame number 2 

k rr un r speci,ic conditio^s, * ^ as a * »• 222 2 

exhaust gas. a h.gh degree of den.trat.on can be achieved even at low temperatures of 1 50>C or below Moreover thev 

wh.ch comprises heat-treating a raw active carbon at 600 to 1 200°C in a non-o*irii7inn atm^T! . 9 

" hJ^T ""T" P, °" ideS 3 Pr0CeSS '°' 0,0auC " 9 a " a * e *» «• " °«*Mon whicf. comprises 

Ca * 0n al 600 <° '•*«'•<: *> a »on.o»d, 2 ing atmosphere and activating me suracSTeS 
«* sulfuric aCKl o, nta acrd to impart oxidizing oxygan-containing lunctional groups thereto. 

genS^ZTeT^^ 

J»tr- 10 wc - - -* ,o - 

n,,ri«l PreSen ! inVenti ° n a ' S0 Pf0VideS the denitration ™*° d wherein a higher degree of denitration of nitroaen 

nrtro n ^ arJ n * ^ ^ the nitr0gen ° xideS * the sele^e' S on o hem to 

nitrogen (N 2 ). and any excess ammon.a is recovered by adsorption in the second packed reactor 

,nn 1 a,or < esa,d ^ n,trati0 ' 1 system, a gas to be treated can be alternately introduced into the first packed reactor 

and he second packed reactor so as to perform denitration and ammonia adsorption repeatedly 

an r. Tl aCCOmp " sh the above-described third object, a second denitration system using active carbon in accord 
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position between the first or second ammonia adsorber and the denitrator. nitrogen oxides (NO,) present in the exhaust 
112 Z 9 £ IT* ^ h6at - ,reated 3Ctive ^ P,aced in the denitra <or and rern^ed by the «£S 

^-^-rdSsr (N2) - and any excess ammonia is recovered b > ad ~ - 

In the aforesaid denitration systems, the raw active carbon may comprise raw active carbon fibers or a raw aranular 
active carbon. Th, , « , active carbon fibers preferably comprise carbon fbers derived ^%ac^™ 
a^lZT the h aforeS f id denifrati0n systems ' *™ ™* be used an «*« carbon product by su^ng raw 
SmeT 3 C emiCa ' treat^1e^, SUCh 38 SU ' ,UriC 3dd ° r me,al ^atment. in j£7EZ 

n,c II! heat " tr ^ at * d act r carbon of the P resent '^ntion is highly effective as a catalyst for the denitration of exhaust 
gas. More specially, when the heat-treated active carbon of the present invention is used for punw^drtSta? 
exhaust gases containing nitrogen oxides at low to high concentrations (about 20 to 500 ppm) cTbe dlSS at a 
low temperature rang.ng from ordinary temperature to about 150<C and with a high degreed denTtraSon iSSSJi to 

Especially when active carbon fibers derived from pitch are used, excellent denitration performance can be 
ach.eved even under a high partial pressure of water vapor. penormance can be 

Moreover, when the heat-treated active carbon of the present invention is used, gases containing nitrogen oxides 

h Zfr C T a T ° n5PPm ° r l6SS b6 d6nitrated at 9 l0w tem P^ ^ngjng from ^naJ^SZet 
about 50°C and w.th a h.gh degree of denitration of about 40 to 80%, without oxidizing NO to NO, 
elecfron rays or the ,ke. or without concentrating nitrogen oxides by means of an adsoment. Esp^XTa^: 

TJ*:~z p ™ are used ' excellent denitration performance can be achieved even Jder a : 

fnrJCTh 9 d6nitrati0n T*™ ° f the prSSent invent, '° n Wherein ,he ,reatment of 9 ases containing nitrogen oxides is per- 
formed by us.ng an active carbon heat-treated under specific conditions as an ammonia adsorbent low-concen Nation 
,s n,trogen ox,des (NO,) can be treated and. therefore, a higher degree of denitration can be achieved. C ° nCentrat '° n 

Brief Descriptio n of the Drawing s 

mSif 1 Jfh ?h hema,iC dia < 9 u m Sh0Win9 ,hS denitration reaction mechanism at the surfaces of an active carbon 
jo modified by the process of the present invention ; 

invtn'on 3 ° f 3 emb0diment of ,he denitration ^stem in accordance with the present 

inSntion 3 SCh6ma ' iC illUStrati ° n * 3 9mbodiment of the denitration system in accordance with the present 

wenton * * 3 embodiment of the denit ^ion system in accordance w.th the present 

invln^n 3 SChema ' iC " ,US,rati0n * ^ ^ embodiment of the der * ation ^stem in accordance with the present 

F Jf^^ mB * G illUStrafi ° n ° f th ' rd emb0dlment °' ** deni,ration s * stem * accordance with the present 
FIG. 7 is a schematic illustration of a conventional denitration system. 

Best Mode for Carrying Out the Invention 
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ca™r^*l ati0n ; a " Pe ; centages are b * volume un,ess ^erwise stated. The term "non-oxidizing atmosphere" 

The raw active carbon fibers which can be used in the present invention to produce a heat-treated active carbon for 
use .n deration ,nc.ude various types of active carbon fibers such as those derived from pitch PAN pleno^d ceN 
yose. Among them, active carbon ftoers derived from pitch have low nitrogen and oxygen contents andtihance the 
effect of removing oxygen-containing functional groups present at the surfaces thereof by a heat 2 
be descnbed later. Accordmgl, they exhibit high nitrogen oxide-removing activity even under a high pa^Zessur^o 

placed on the properties of the raw active carbon fibers, they usually have a pore diameter of about 10 to 30 A a pore 
volume of about 0.3 to 1 .2 ml/g. and a specific surface area of about 500 to 2000 m^/g P 

the ,•nto^^^? n ■ a a°*?n active carbon which has high cata,ytic ,or ^ 

by £ tTZnl ? ! 9aS i^ einafter a,so re,erred <° « ^-treated active carbon A) can be obtained 

or heTum ? ^ * 6 °° 10 1 • 2 °°° C * 3 non -° xidi ™9 atmosphere such as nfrogen gas. argon gas 

or hel.um gas to remove oxygen-containing functional groups (such as COOH and COH) present atlhe surfaces of the 
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raw active carbon and thereby reduce the atomic oxygen/carbon ratio of the surfaces to 0 05 or less 

containing functional groups such as C=0 and CO In this r«« IhLIZ «T Jl ^ * et0 ox,dl2,n 9 oxygen- 
nitric acid can be perform* by JSg^S^W?J^ ( ^^^^«*«*» 

an amount equal to three to five times the weight of the raw T T* ?* 0n " 

to 500-C until the sulfuric acid or nitric acid is evaporated comp.ete.yJn th* Sse *e rl ^ be oS I T 35 ° 
active carbon for use in denization which exhibits very highdenitratina SivTtvlpn IT > heat-treated 
.e.owandmin.m.es.einf.uenceof moisture, exhal 

of moisture as water vapor is brouaht into contact with mw h~ 7u 0 6 0f ° xy9ea 0 10 80% 

nary temperature (about 5 to 20°n tn ahn.,t i^r ftm * u caroon, at a temperature ranging from ordi- 

Generally, when the temperature of the exhaust gas is relatively low (i e ion°r or h a .«^ ♦ • . u, 



25 water vapor (H 2 0) 

4NO + 4NH 3 + 0 2 ~» 4N 2 + 6H 2 0 ( 1 

6N0 2 + 8NH 3 -> 7N 2 + 12H 2 0 , ox 
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^r^rrss srjf r ,oo ' c ' « - «- - - >™ «*. -»« 

will, NO and Ihereb, .educed lo N, and H-ol L, N and H o St .T ? ' °"" ed ' N " 2 lad > ,MC1S 

b, 0» yge n „ re9 enL, oxidizing oXfonl"X c ,io^ ' ema " ,in ° ^ " 

The reason why these reactions proceed even at ordinary temoeraturp k that *h a h*»* . * ^ 

•Md in a n„„-ox a21 „ g P "dC* ^^^J2T J** Ca "' < "' ' S 

ence of moisture in exhaust aas Thus a hioh rtonL^Z . * contamm 9 9 r0UDS and thereby minimize the influ- 
on.y oxidizing ox.gen-^^^ 31 ^ humidi * 

reduction in adsorption performance. temperature to about 150°C. without any 

Examples 

The features of the present invention are more dearly explained with refpr-nro m M i ■ 

Examples 1 -Q 



5 



EP 0 801 978 A1 



w 



15 



20 



25 



OG-5A; specific surface area. 500 rr^/g 
OG-10A; specific surface area. 1 ,000 m 2 /g 
OG-20A; specific surface area. 2.000 m 2 /g 

2 g each of the heat-treated active carbon fibers obtained as above were separately packed in tubular reactors (25 
mm ™ner d.ameter), and a nitrogen oxide^ontaining gas was passed therethrough * a tempera^ o, SoTi a 
low rate 0 f 400 C c/m,n. The nitrogen oxide-containing gas was composed of 1 50 ppm NO. 1 50ppm NH 3 1 5% CvSi 
the balance N 2 and ,ts moisture content was 80% as expressed in terms of the partial pressure of water vapor * 

faJrcZf v 9aS J r °c rSaCt0r W3S analyZed With 3 ch ernoluminescence type NO x meter (ECL-88US; manu- 
factured by Yanag,moto Se.sakusho). and the degree of denization was calculated according to the following equation 

Degree of denitration (%) = [Inlet NO concentration (ppm) 
- Outlet NO concentration (ppm)] Inlet NO concentration (ppm) x 100 

?2 2ST St3te Va ! U6 i 0b,ai ?. ed in a s,abi,i2ed state 30 after the start of the reaction are shown in Table 1 

mJJlTT "ST ° ° n rat '° 3t thS $UrfaCeS ° f the aCtive cart5on ,ibers (hereinafter referred to as O/C) was 
measured w,th a photoelectron spectroscopic analyzer ("ESCA850"; manufactured by Shimadzu Corp.). 

Comparative Examp les 1 -3 

Instead of being heat-treated, the three types of pitch-derived raw active carbon fibers used in Examples 1 -9 were ' 
d,rect.y packed .n tubular reactors similar to those used in Examples 1-9. and sub,ected to denitrationTeaction in the 
same manner as in Examples 1-9. The results thus obtained are also shown in Table 1 



Table 1 



30 




Type of sample 


Heat-treating tempera- 
ture (°C) 


Degree of denitration (%) 


O/C 




Comparative Example 1 


OG-5A 




2 


0.122 




Example 1 


OG-5A 


600 


20 


0.047 




Example 2 


OG-5A 


800 


33 


0.033 


35 


Example 3 


OG-5A 


1.000 


26 


0.025 




Comparative Example 2 


OG-10A 




3 


0.096 




Example 4 


OG-10A 


600 


22 


0.050 


40 


Example 5 


OG-10A 


800 


28 


0.044 




Example 6 


OG-10A 


1,000 


25 


0.023 




Comparative Example 3 


OG-20A 




2 


0.080 




Example 7 


OG-20A 


600 


18. 


0.045 


45 


Example 8 


OG-20A 


800 


24 


0.035 




Example 9 . 


OG-20A 


1,000 


20 


0.025 
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ing effeT^ ^ ** ^ * ™ 9 1 ** *" heaHreated activ * «ibon fibers exhibit an excellent denitrat- 

Examples 10-1 ft 

1 20VC ST I""* T* °! pitChKJeri ved raw active cart3on ,ibers a * «* in Examples 1 -9 were heat-treated at 600- 
1 .200 C in an atmosphere of mtrogen for one hour, and then activated by adding sulfuric acid (98%) to the carbon fibers 

mem zsxst r;r times r weisht of the cart5on fibers - soakin9 ^ * ^ ^ 

mem at 400 C until the sulfuric acid was evaporated completely 

2 g each of the heaHreated carbon fibers obtained as above were packed in tubular reactors in the same manner 
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Example 10 
Example 1 1 
Example 12 
Example 13 
Example 14 
Example 15 
Example 16 
Example 17 
Example 18 



Type of sample 



OG-5A 

OG-5A 

OG-5A 

OG-10A 

OG-10A 

OG-10A 

OG-20A 

OG-20A 

OG-20A 



Heat-treating temper- 
ature (°C) 



600 
800 
1,000 
600 
800 
900 
600 
800 
900 



Activation with sulfuric 
acid (°C) 



400 

400 

400 

400 

400 

400 

400 

400 

400 



Degree of denization 
(%) 



40 
75 
50 
32 
55 
46 
36 
48 
40 



O/C 



0.054 

0.048 

0.040 

0.055 

0.048 

0.039 

0.052 

0.040 

0.036 



Examples 13-43 

OG-7A; specific surface area. 700 m 2 /g 
OG-8A; specific surface area. 800 m 2 /g 
3 - OG- 1 0A; specific surface area. 1 ,000 m 2 /g 
OG-20A; specific surface area. 2,000 m 2 /g 

humidity at 25°C. mo.siure content was 0 A or 80% as expressed in terms of relative 

far. ^.f v 6nt 935 ff0m 8aCh reaCt0r was ana, y 2ed with a chemoluminescence type NO meter ten mi !«?■ ma „ 



40 



45 



50 



to 6. 



Degree of denitration (%) = [Inlet NO concentration (ppm) 
■ Outlet NO concentration (ppm)] . Inlet NO concentration (ppm) x 100 



The steady-state values obtained in a stabilized state 30 hours after the « 



start of the reaction are shown in Tables 3 

~^s:rr«;s re c ,ibe,s * as — * a 

55 Comparati ve Examples d.i i 



Instead of being heat-treated, the four types of pitch-derived 
cily packed in tubular reactors similar to those used in Exarr 
same manner as in Examp.es 19-43. The results thus obtained are also shown in Tables 3 to 6. 
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Table 3 



Relative humidity during 


reaction: 0% " " " " 




Type of sample 


Heat-treating tem- 
perature (°C) 


Degree of deniza- 
tion (%) 


Surface ox vo en/car- 
bon 


Comparative Example 4 


OG-7A 




60 


0.122 


Example 19 


OG-7A 


600 


65 


0.047 


Example 20 


OG-7A 


700 


66 


0.042 


Example 21 


OG-7A 


800 


70 


0.033 


Example 22 




OG-7A 


850 


74 


0.030 


Relative humidity during 


reaction: 80% 




Comparative Example 5 


OG-7A 




8 


0.122 


Example 23 


OG-7A 


600 


14 


0.047 


Example 24 


OG-7A 


700 


20 


0.042 


Example 25 


OG-7A 


800 


30 


0.033 


Example 26 


OG-7A 


850 


39 


0.030 



Table 4 



Relative humidity during 


reaction: 0% ~ " " " 




Type of sample 


Heat-treating tem- 
perature (°C) 


Degree of deniza- 
tion (%) 


Surface oxygen/car- 
bon 


Comparative Example 6 


OG-8A 




58 


0.115 


Example 27 


OG-8A 


600 


65 


0.044 


Example 28 


OG-8A 


700 


66 


0.039 


Example 29 


OG-8A 


800 


72 


0.030 


Example 30 


OG-8A 


855 


75 


0.027 


Relative humidity during r 


eaction: 80% 




Comparative Example 7 


OG-8A 




22 


0.115 


Example 31 


OG-8A 


600 


30 


0.044 


Example 32 


OG-8A 


700 


33 


0.029 


Example 33 


OG-8A 


800 


42 


0.030 


Example 34 


OG-8A 


850 


46 

- 


0.027 
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Table 5 



Relative humidity during 


reaction: 0% " ~~ > 




Type of sample 


Heat-treating tem- 
perature (°C) 


Degree of deniza- 
tion (%) 


Surface oxygen/car- 
bon 


Comparative Example 8 
Example 35 
Example 36 


OG-10A 
OG-10A 
OG-10A 


600 
850 


48 
64 
42 


0096 
0.050 
0.043 


Relative humidity during r 


eaction: 80% 




Comparative Example 9 
Example 37 
Example 38 
Example 39 


OG-10A 
OG-10A 
OG-10A 
OG-10A 


600 
850 
900 


9 
18 
24 
20 


0.096 
0.050 
0.043 
0.035 
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35 



Table 6 



Relative humidity during r 


eaction: 0% ' * — -j 




Type of sample 


Heat-treating tem- 
perature (°C) 


Degree of deniza- 
tion (%) 


Surface oxygen/car- 
bon 


Comparative Example 10 
Example 40 
Example 41 

. 


OG-20A 
OG-20A 
OG-20A 


600 
850 


42 
50 
38 


0.080 
0.045 
0.035 


Relative humidity during re 


taction: 80% ' 


Comparative Example 1 1 
Example 42 
Example 43 


OG-20A 
OG-20A 
OG-20A 


600 
850 


6 
15 
16 


0.080 
0.045 
0.035 
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« Examples 44-47 

«J£ e T °' phen * deri y ed active r'FE-300" (trade name); manufactured by Toho Rayon Co Ltd 

spec,f,c surface are* 850 m /g] was heat-treated in the same manner as in Examples 19 -43, and then used fo treafa 
NO-contaming gas. The results thus obtained are shown in Table 7. 
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Comparative Examp les 19-13 



Instead of being heat-treated, the two types of phenol-derived raw active carbon fibers used in Examples 44 47 
were d.rectly packed in tubular reactors similar to those used in Examples 44-47 and slZl JZ 1 T?^ U ' A1 
ss in the same manner as in Exam P .es 44-47. The results thus obtained 2c sh™ "Si. * 
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Table 7 



Relative humidity during r« 


taction : 0% 




Type of sample 


Heat-treating tem- 
perature (°C) 


Degree of deniza- 
tion (%) 


bon 


Comparative Example 12 
Example 44 
Example 45 


FE-300 
FE-300 
FE-300 


600 
850 


64 
50 
40 


0.250 
0.120 
0.050 


Relative humidity during re 


action; 80% 




Comparative Example 13 
Example 46 
Example 47 


FE-300 
FE-300 
FE-300 


600 
850 


5 
14 
8 


0.250 
0.120 . 
0.050 



It is evident from the results shown in Table 7 that the heat-treated active carbon fibers derived from phenol exhibit 
an improved denitrating effect, especially under high-humidity conditions including a relative humidity of 80% 

Now. several embodiments of the denization system in accordance with the present invention are explained in 
greater detail. However, it is to be understood that the present invention is not limited thereto. 

First Em bodiment of the Denization System 

FIG. 2 illustrates a first embodiment of the denization system for practicing the present invention 

In FIG. 2, reference numerals 1 and 2 designate a first packed reactor and a second packed reactor respectively. 

As shown in this figure, the first and second packed reactors are packed with a heat-treated active carbon which 
has been produced by heat-treating a raw active carbon at a temperature in the range of 600 to 1 000°C 

A nitrogen oxide-containing gas to be treated, together with ammonia (NH 3 ). is introduced into first packed reactor 
1 where mtrogen 0 x,des (NO,) present in the gas to be treated are brought into contact with the ammonia and removed 
by the continuous selective reduction of them to nitrogen (N,). Moreover, in second packed reactor 2 any excess 
ammonia remaining after the reaction is recovered by adsorption. 

As the heat-treated active carbon packed into the aforesaid first packed reactor i and second packed reactor 2 
there is used one obtained by chemically treating pitch-derived carbon fibers (formed by the melt spinning of pitch 
obtained as residue in coal chemical and petrochemical processes) under the following conditions 

In this embodiment, the aforesaid pitch-derived active carbon fibers comprised pitch-derived active carbon fibers 
OG-5A (trade name) manufactured by Osaka Gas Co.. Ltd. These active carbon fibers were fired at about 850°C in a 
reducing atmosphere for one hour, shaped into a corrugated form, and then used in the embodiment 

Moreover, when polyacrylonitrile (PAN)-derived active carbon fibers obtained by firing and carbonizing high-molec- 
ular-weight polyacrylonitrile fibers fFE-300" (trade name); manufactured by Toho Rayon Co. Ltd ] were used as the 
heat-treated act.ve carbon, the concentration of nitrogen oxides (NOJ in exhaust gas could also be reduced in the 
same manner as described above. 

Furthermore, when a granular active carbon ["HC-30" (trade name); manufactured by Tsurumi Coal Co Ltd 1 heat- 
treated at 400-1.400'C in an atmosphere of nitrogen for one hour was used as the heat-treated active carbon the con- 
centration of mtrogen oxides (NO x ) in exhaust gas could also be reduced in the same manner as described above 

Besides the aforesaid heat treatment, the denitration performance and ammonia adsorption performance of active 
carbon can be improved by subjecting it to any of the following chemical treatments. 

Sulfuric acid treatment 

This treatment comprises adding a raw active carbon to a mixture composed of 1 00 parts by weight of active car- 
bon. 300 parts by weight of sulfuric acid, and 200 parts by weight of water, heating the resulting mixture at 60-70°C to 
evaporate the water, and holding it at 400°C (or 300-1 .200°C) in an inert gas (N,) for 4 hours 
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Metal carrying treatment 



* *S52!lSr" *~ *~ *° — a ™> » e * - * rrsed in ptace 

Second Embodiment of the Deni zation System 

75 

fn FB ftS* L S 3 SeCC ™ 1 r b ° dimen ' 01 «» *-***»' in accordance with the present invention 
a* " **— "-P— 12. asecc^pac^eactc,; uVS » ates: 

den.trat.on reaction and any excess ammonia is recovered by adsorption 9 ' ^ . t0 

In the first-step operation of this embodiment, as shown in FIG 3f M vaiuoc n,.;, ra ^ , 

Third Emhndimen t of the Denization System 

^ 1 fJMf * °' *• «y»*» in accordance with the present inversion 

■ mmmsm 

In the first-step operation of this embodiment, as shown in FiG 4 valve* oq oq anH ™ ^ , 

to nitrogen (N 2 ). 9 ' emoved by ,he co"*™^ selective reduction of them 

locat^o^ " H r ° 9Sn ° Xid6S ^ b6en rem ° Ved iS introduced into "«nd ammonia adsorber 22 



11 



In the succeeding second-step operation, as shown in FIG. 5. valves 25. 28 and 30 are closed valves 26 27 and 
29 are opened, and an excess of ammonia (NH 3 ) is introduced from ammonia supply source 24 into denitrator 23 bv 
way of valve 29. Thus, in denitrator 23. nitrogen oxides (NOJ present in the gas to be treated are brought into contact 
with the ammonia introduced together with the gas. and removed by the continuous selective reduction of them to nitro- 

gen (N2). 

During this process, the excess ammonia adsorbed in second ammonia adsorber 22 during the aforesaid first-steo 
operation is also used for purposes of reduction, so that second ammonia adsorber 22 is regenerated 

The exhaust gas from which nitrogen oxides have been removed is introduced into first ammonia adsorber 21 
located on the downstream side, where any excess ammonia is recovered by adsorption. Thereafter the cleaned aas 
is discharged through valve 27. 

In the succeeding third-step operation, as shown in FIG. 6, valves 25, 28 and 30 are opened valves 26 27 and 29 
are closed, and an excess of ammonia (NH 3 ) is introduced from ammonia supply source 24 into denitrator' 23 by way 
of valve 28, similarly to the first-step operation. Thus, in denitrator 23. nitrogen oxides (NOJ present in the gas to be 
treated are brought into contact with the ammonia introduced together with the gas. and removed by the continuous 
selective reduction of them to nitrogen (N 2 ). 

During this process, the excess ammonia adsorbed in first ammonia adsorber 21 during the aforesaid second-step 
operation is also used for purposes of reduction, so that first ammonia adsorber 21 is regenerated 

The exhaust gas from which nitrogen oxides have been removed is introduced into second ammonia adsorber 22 
located on the downstream side, where any excess ammonia is recovered by adsorption. Thereafter the cleaned aas 
is discharged through valve 30. 

Thus, nitrogen oxides can be continuously and efficiently treated by introducing exhaust gas alternately into first 
ammonia adsorber 21 and second ammonia adsorber 22 so as to perform denitration and ammonia adsorption repeat- ; 
edly and. moreover, regenerate the ammonia adsorbers. 

The treatment of exhaust gases discharged from boilers, gas turbines, engines and combustion furnaces for burn- 
ing various types of fuel is facilitated by applying the aforesaid den.tration systems to the removal of nitrogen oxides 
(NO„) present therein. s 

Moreover, the present invention can also be suitably used for the removal of nitrogen oxides present in tunnels and 
for the removal of nitrogen oxides present in exhaust gases from nitric acid production plants. 

Claims 

1. A process for producing a heat-treated active carbon for use in denitration which comprises heat-treating a raw 
active carbon at 600 to 1.200'C in a non-oxidizing atmosphere so as to remove oxygen-containing functional 
groups present at the surfaces thereof and thereby reduce the atomic surface oxygen/surface carbon ratio to 0 05 
or less. 

2. A process for producing a heat-treated active carbon for use in denitration as claimed in claim 1 wherein said raw 
active carbon comprises raw active carbon fibers. 

3. A heat-treated active carbon for use in denitration which is produced by a process as claimed in claim 1 said heat- 
treated active carbon having an atomic surface oxygen/surface carbon ratio of 0.05 or less. 

4. A heat-treated active carbon for use in denitration as claimed in claim 3 wherein said raw active carbon comprises 
raw active carbon fibers. 

5. A process for producing a heat-treated active carbon for use in denitration which comprises heat-treating a raw 
active carbon at 600 to 1 ,200'C in a non-oxidizing atmosphere and activating the surfaces thereof with sulfuric acid 
or nitric acid to impart oxidizing oxygen-containing functional groups thereto. 

6. A process for producing a heat-treated active carbon for use in denitration as claimed in claim 5 wherein said raw 
active carbon comprises raw active carbon fibers. 

7. A heat-treated active carbon for use in denitration which is produced by a process as claimed in claim 5. 

8. A heat-treated active carbon for use in denitration as claimed in claim 7 wherein said raw active carbon comprises 
raw active carbon fibers. 

9. A process for producing a heat-treated active carbon fibers for use in the denitration of exhaust gas as claimed in 
claim 2 or 6 wherein said raw active carbon fibers are active carbon fibers derived from pitch. 
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10. Heat-treated active carbon fibers for use in the denization of exhaust gas as claimed in claim 4 or 8 wherein said 
raw active carbon fibers are active carbon ffoers derived from pitch. 

1 1. A denization method which comprises bringing exhaust gas containing nitrogen oxides and not more than 80% of 
water as water vapor, and NH 3 gas having the same concentration as the nitrogen oxides into contact with a heat- 
treated active carbon for use in the denization of exhaust gas as claimed in any one of claims 3. 4 7 and 8 at a 
temperature ranging from ordinary temperature to 150 o C. in order to reduce the nitrogen oxides selectively and 
thereby decompose them to nitrogen and water. 

12. A denization method as claimed in claim 1 1 wherein a higher degree of denization of niZogen oxides having a low 
temperature and a low concenZation is performed at the outlet of an exhaust gas treating apparatus or the outlet 
of a boiler. 



1 3. A denization system using active carbon, said denization system comprising a first packed reactor which is packed 
with a heat-treated active carbon produced by heat-treating a raw active carbon at a temperature in the range of 
600 to I.OOO-C. and a second packed reactor which is located downsZeam thereof and packed with said heat- 
treated active carbon, whereby exhaust gas and ammonia (NH 3 ) are introduced into said first packed reactor so as 
to bring nitrogen oxides (NO*) present in the exhaust gas into contact with the ammonia and remove the nitrogen 
oxides by the continuous selective reduction of them to nitrogen (N 2 ). and any excess ammonia is recovered by 
adsorption in said second packed reactor. 

14. A denization system using active carbon as claimed in claim 1 3 wherein exhaust gas is alternately introduced into 
said first packed reactor and said second packed reactor so as to perform denization and ammonia adsorption 
repeatedly. 

15. A denitration system using active carbon, said denitration system comprising a denitrator packed with a heat- 
treated active carbon which is produced by heat-treating a raw active carbon at a temperature in the range of 600 
to 1.000°C. and first and second ammonia adsorbers located before and behind said denitrator, respectively, 
whereby exhaust gas containing nitrogen oxides is alternately introduced through any one of said first and second 
ammonia adsorbers, ammonia (NH 3 ) is introduced at a position between said first or second ammonia adsorber 
and said denitrator. nitrogen oxides (NO,) present in the exhaust gas are brought into contact with said heat-treated 
active carbon placed in said denitrator and removed by the continuous selective reduction of them to nitrogen (N 2 ) 
and any excess ammonia is recovered by adsorption in the adsorber located downstream of said denitrator. " 

16. A denitration system using active carbon as claimed in any of claims 13 to 15 wherein said raw active carbon com- 
prises carbon fibers derived from polyacrylonitrile or pitch. 

1 7. A denitration system using a heat-treated active carbon for use in denitration. said denitration system comprising a 
first packed reactor which is packed with a heat-treated active carbon for use in denitration that is produced by heat- 
treating a raw active carbon at 600 to 1,200°C in a non-oxidizing atmosphere so as to remove oxygen-containing 
functional groups present at the surfaces thereof and thereby reduce the atomic surface oxygen/surface carbon 
ratio to 0.05 or less, and a second packed reactor which is located downstream thereof and packed with said heat- 
treated active carbon for use in denitration, whereby exhaust gas and ammonia are introduced into said first packed 
reactor so as to bring nitrogen oxides (NO x ) present in the exhaust gas into contact with the ammonia and remove 
the nitrogen oxides by the continuous selective reduction of them to nitrogen (N 2 ), and any excess ammonia is 
recovered by adsorption in said second packed reactor. 

18. A denization system as claimed in claim 17 wherein said raw active carbon comprises active carbon fibers derived 
from polyacrylonitrile or pitch. 

19. A denitration system using a heat-treated active carbon for use in denitration. said denitration system comprising a 
first packed reactor which is packed with a heat-treated active carbon for use in denization that is produced by heat- 
treatmg a raw active carbon at 600 to 1,200°C in a non-oxidizing atmosphere and activating the surfaces thereof 
with sulfuric acid or n.tnc acid to impart oxidizing oxygen-containing functional groups thereto, and a second 
packed reactor which is located downstream thereof and packed with said heat-Zeated active carbon for use in 
denization, whereby exhaust gas and ammonia are inZoduced into said first packed reactor so as to bring niZogen 
oxides (NO x ) present in the exhaust gas into contact with the ammonia and remove the nitrogen oxides by Zie con- 
tinuous selective reduction of them to nitrogen (N 2 ), and any excess ammonia is recovered by adsorption in said 
second packed reactor. 
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20. A denization system as claimed in claim 19 wherein said raw activp «rh™ , 

from polyacrylonrtrile or pitch. ^ carbon com P r, ses active carbon fibers derived 
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